Objective Disturbances in potassium (K) levels are relatively common and may be associated with significant morbidity and mortality; however, treatments vary. Our purpose was to determine the incidence, treatments, and outcomes associated with hyperkalemia and hypokalemia in emergency department (ED) patients.
INTRODUCTION
Hyperkalemia is one of the most common and potentially lethal electrolyte abnormalities. Prior studies estimated that it occurs in approximately 1% to 10% of hospitalized patients. [1] [2] [3] Depending on its definition, studies limited to the emergency department (ED) have reported rates of hyperkalemia from 0.36% to 2.6%. [4] [5] [6] Regardless of the exact definition, multiple studies have demonstrated an association of hyperkalemia with morbidity and mortality, mostly due to lethal cardiac dysrhythmias. [7] [8] [9] [10] [11] Studies regarding the incidence and outcomes associated with hypokalemia in the ED are limited. Marti et al. 12 reported that of 43,805 ED patients with serum potassium measurement, 4,826 (11%) had a potassium less than 3.5 mEq/L at presentation. Fiftythree patients had severe hypokalemia ( < 2.6 mEq/L), of which 26 (49%) were symptomatic and 20 (69%) had electrocardiogram changes. While 9 patients died in the hospital, there was no difference in potassium levels between those who died and survivors. 12 An inpatient based study by Goyal et al., 10 describing outcomes associated with serum potassium levels in 38,689 patients with an acute myocardial infarction, found that the mortality rate increased to 46.2% when the serum potassium decreased below 3.0 mEq/L. The recent development of several novel oral therapies for elevated potassium has led to renewed interest in hyperkalemia. 13, 14 Additionally, an increase in the number of patients on potassium increasing drugs, such as angiotensin-converting enzyme inhibitors, angiotensin receptor blockers and spironolactone has led to an increase in the number of patients who present to the ED with hyperkalemia. [15] [16] [17] Conversely, the current heart failure epidemic potentially leads to increasing rates of ED hypokalemia presentations due to excessive loop diuretic therapy. Ultimately, emergency physicians can expect to encounter more and more patients with potassium disturbances in the years to come.
The goals of the current study were to determine the incidence, common treatments and outcomes of potassium disturbances in ED patients.
METHODS

Study design
We conducted a structured, 18, 19 retrospective medical record review of all patients presenting to the ED for whom a potassium level was documented. The study was approved by the institutional review board and exempt from written informed consent due to it retrospective nature and minimal risk.
Setting
The study was conducted at a tertiary care, academic medical center with an affiliated residency in emergency medicine and an annual ED census of approximately 100,000. The medical center is also a major referral center for a county of 1.5 million inhabitants. Our hospital has no formal protocol or policy for managing patients with potassium disturbances.
Patients
All patients were included if they presented to the ED during the 2014 calendar year, including those with trauma and cardiac arrest. Because of the challenges in treating hyperkalemia, while general data were obtained for all patients, additional data were obtained in patients with hyperkalemia, defined as a potassium level of greater than 5.0 mEq/L. Patients whose blood specimen was hemolyzed, were excluded.
Study protocol
A computerized search of the electronic medical records was performed of all ED visits during 2014 in which a potassium level was reported in the laboratory data base. Potassium levels were categorized as low ( < 3.5 mEq/L), normal (3.5 to 5.0 mq/L) or high ( > 5.0 mEq/L) based on the definitions of the American Heart Association. 20 Potassium level was defined based on the first reported potassium result. Data collection included baseline demographic, admissions, clinical information, medications used, and treatments received while in the ED. All study variables were defined a priori and documented in a coding guide for the chart abstractors. A standard data collection instrument was used. All data abstractors received specific training in the definitions and use of the data collection instrument. Monitoring of data abstraction was performed periodically by the principal investigator, and a subset of 20 randomly selected charts were independently reviewed by two abstractors to determine inter-observer agreement on the primary outcome.
Outcomes
The primary outcome was mortality during the index hospitalization, both in the ED and during in-patient hospitalization. Other outcomes were rates of admission to an in-patient floor or an intensive care unit, ED length of stay (LOS), and overall hospital length LOS in those patients admitted to the hospital.
Data analysis
For descriptive statistics, we reported continuous variables with their mean (standard deviation) values and binary data as numbers (percentages). Univariate comparisons across potassium groups Adam J Singer, et al.
were performed using chi-square and Fisher exact tests for binary data, and analysis of variance or Mann-Whitney U-tests for continuous data, as appropriate. Adjusted admission and mortality rates were calculated using logistic regression adjusting for age, gender, diabetes, heart failure, chronic kidney failure. septicemia, sodium, and creatinine.
RESULTS
In 2014 there were 100,260 patient visits to the ED. Of these, 48,827 (49%) had at least one serum potassium lab test ordered, excluding urine tests. Mean (standard deviation) age of these patients was 49 (22) , and 46% were male.
Of the 48,827 patients with a potassium lab test ordered, 1,738 (3.6%) did not get a test value back, mostly due to hemolysis of the samples, and were excluded from further analysis. The mean age (standard deviation) of the remaining 47,089 patients was 49 (22) years, and 46% were male (Table 1) . Common diagnostic and comorbidity categories included hypertension (30%), lipid disorders (22%), trauma (17%), and non-dependent drug abuse (17%). Other comorbidities included diabetes (16%), heart failure (8%), chronic renal failure (7%), and septicemia (4%).
Median (interquartile range) ED LOS was 7.1 (4.8 to 10.9)
hours. Of all patients included in the analysis, 40% were admitted, 2.7% to an intensive care unit, and 1% died. Most potassium levels were normal, 42,818 (91%), with only 4,271 (9.1%) having abnormal results. Of the abnormal potassium results, 2,574 (5.5%) had a low value ( < 3.5 mEq/L), and 1,697 (3.6%) had a re- Co-morbidities, such as diabetes mellitus, chronic kidney disease, septicemia, and heart failure were common in patients with elevated potassium, and increased rates occurred with higher potassium levels ( Table 2) . Modified early warning scores (MEWS) showed a similar pattern, with a slight increase for patients with hypokalemia compared to normal, and increasing MEWS scores with increasing levels of potassium above normal. Both age and gender were related to potassium level ( Table 2 ). Age was positively associated with potassium level (P < 0.001), while males were more likely to have elevated potassium and females more likely to have low potassium (P < 0.001). Potassium levels were also associated with admission and mortality (both P < 0.001) ( Table 2 ). Admission and mortality increased as potassium levels increased relative to normal levels (Figs. 1, 2, respectively). Admission and mortality rates were also higher for patients with low potassium levels compared to those with normal levels but were not as high as those with elevated potassium. Both admission rates and mortality increased as potassium levels became increasingly high or low relative to normal. Creatinine, sodium, and glucose were associated with potassium levels.
Medications for treating elevated potassium were given to 4.9% of patients in the ED. These included Kayexalate, sodium bicarbonate, calcium gluconate, albuterol, insulin, calcium carbonate, calcium chloride, and glucose. Dialysis was performed on 0.6% of hyperkalemic ED patients. Potassium was given to 4.2% of patients. All treatments were associated with potassium level (Table 2) .
Multivariate analysis of admission and death showed the same associations for increased risk as in the univariate comparisons (Table 3) . ED LOS and hospital LOS for admitted patients were longest for patients with elevated potassium levels ( Table 3) .
There were 94 patients with elevated potassium and 50 with hypokalemia who died while in hospital; 4 and 11 died in the ED, respectively. Median (interquartile range) times to death from ED presentation were 103 (21 to 288) hours and 156 (39 to 340), respectively, which were not significantly different. Of all deaths, 10 (20%) and 25 (27%) occurred within 24 hours of ED arrival in the two groups, respectively, and another 4 (8%) and 9 (10%) within the next 24 hours. Fig. 3 demonstrates the survival curves for those who died. The admitting diagnoses of patients who died are Adjusted for age, gender, chronic kidney failure, heart failure, diabetes, septicemia, creatinine, sodium. Table 4 .
DISCUSSION
Our study demonstrates that roughly 1 in 11 ED patients present with either high (3.6%) or low (5.5%) serum potassium levels. We have also shown that both hyperkalemia and hypokalemia are associated with increased odds of death during the index hospitalization. We further show that the odds of death increases as the potassium further deviates from the normal value resulting in a "U-shaped" mortality curve. Finally, despite its relative high frequency, there is great variability in the management of hyperkalemia in the ED despite similarities in clinical factors within potassium groups such as lab values, MEWS, and comorbidities. While there are multiple textbooks with recommendations for treating hyperkalemia, recommended treatments and thresholds for treatment vary considerably and there is no uniformity. Thus, evidence based guidelines for the management of this potentially lethal condition are greatly needed. A number of prior studies have evaluated the incidence and etiology of hyperkalemia in the ED. A European study of 38,455 patients presenting to an ED, found that 139 (0.36%) patients had a potassium level of > 5.2 mEq/L. Major etiologies included renal failure (83%) and potassium increasing drugs (75%). 4 Whether the lower rate of hyperkalemia in the European study is the result of a health care system difference, or some other cause (e.g., different medication prescribing practices), is unclear.
In another study the authors performed a retrospective chart review of ED patients with the laboratory diagnosis of hyperkalemia (potassium level > 6.0 mEq/L). 21 Of 175 ED visits that occurred over a 1-year time period, 168 (96%) received specific treatment for hyperkalemia. The median (interquartile range) time from triage to initiation of treatment was 117 (59 to 196) minutes. The initial ED treatment was insulin and glucose in 54 (33%) patient visits; an intravenous calcium infusion (calcium gluconate, 37; calcium chloride, 5) was administered initially in 42 (25%) patients. In this study, two patients died in the ED, however, in-hospital mortality was not reported. 21 A study conducted by Acker et al., 22 nearly two decades ago, identified 127 episodes of hyperkalemia during an observation-only phase of a 3.5 month study and another 115 episodes during a phase in which physicians were specifically notified and treatment recommendations were made. In this study treatments included exchange resins (51%), insulin (46%) intravenous calcium (36%), bicarbonate (34%), and albuterol (4%). There were no reported deaths and treatments were considered equally efficacious. We showed that both very low and very high levels of potassium are associated with increased mortality. These findings and a "U" shaped association curve between potassium levels and mortality have been previously reported. Goyal et al. 10 determined the association between serum potassium levels and in-hospital mortality in 38,689 patients with acute myocardial infarction admitted to one of 67 hospitals between 2000 and 2008. Compared to a reference group with a potassium level between 3.5 to 4.0 mEq/ L, the adjusted mortality rates were highest for potassium > 5.5 mEq/L (odds ratio, 2.65; 95% confidence interval, 1.70 to 4.13) and potassium < 3.0 mEq/L (odds ratio, 2.31; 95% confidence interval, 0.74 to 7.24). Hayes et al. 23 studied pre-dialysis mortality and its association with potassium levels in 1,227 males with chronic kidney disease. Of interest, mortality was significantly increased with potassium < 3.8 mEq/L in both white and black patients, and with potassium > 5.5 mEq/L in white but not black patients suggesting that black patients may be more tolerant of high potassium than whites. A retrospective study in the ED found that nine of 53 patients (17%) with severe hypokalemia Potassium disturbances in ED ( < 2.6 mEq/L) died after admission. 12 However, the mortality among patients with higher levels of potassium were not reported. Thus there was no comparison group. A large retrospective study of 66,259 hyperkalemic events found that 5,945 patients (2.4%) died within one day of blood draw. 24 The odds ratio of death was significantly associated with potassium levels for patients both with and without chronic kidney disease. For patients without chronic kidney disease, the odds of death was at least 10 and 31 times greater for patients with moderate (potassium > 5.5 and < 6.0 mEq/L) and severe (potassium > 6.0 mEq/L) hyperkalemia, respectively. Interestingly, there tended to be an inverse relationship between the severity (stage) of chronic kidney disease and odds of death, possibly due to chronic adaptation to elevated potassium levels. The major limitation of the current study is its retrospective nature, which may have led to a selection bias. An ongoing prospective study of patients presenting to the ED with hyperkalemia will address some of these limitations. A prior study has also addressed the accuracy of coding for hyperkalemia. 5 While having very high specificity (99%), very poor sensitivity (14.6%) would have led to a gross underestimation of the incidence of hyperkalemia.
Another limitation is that the analysis is limited to the first measured potassium level after ED presentation. Thus there may have been patients who developed abnormalities in their potassium levels on repeat or subsequent measurements. Further, the current study was conducted at a single, suburban, mostly affluent medical center which may have affected treatment decisions. As such, it is unclear whether these results would generalize to other dissimilar settings.
In conclusion, we have demonstrated that both hyperkalemia and hypokalemia in the ED are associated with an increased risk of death that is proportional to the their severity. We have also shown considerable variability in the management of hyperkalemia. Guidelines for management of disturbances of potassium in the ED are recommended to reduce variability in management.
